AD-A063  574 


UNCLASSIFIED 


BAKER  (MICHAEL)  JR  INC  BEAVER  PA  F/G  13/2 

NATIONAL  DAM  SAFETY  PROGRAM.  LOWER  NORTH  RIVER  DAM  NUMBER  78  (B— ETC(U) 
AUG  78  M BAKER  DACW65-78-D-0016 


y POTOMAC  RIVER  BASIN 


Name  of  Dam:  Lower  North  River  No.  78  (Briery  Branch)  \Jt 
Location:  Rockingham  (bounty,  State  of  Virginia 
-^Inventory  Number  VA  16502  | HIPI^ 


b'i 


LEVELS 


PHASE  I INSPECTION  REPORT 


{■K 


(TsiDBCW 


d d c 


JAM  19  1979 


JHJ] 

RSKl 


NORFOLK  DISTRICT  CORPS  OF 

803  FRONT  STREET 

ENGINEERS 

NORFOLK.  VIRGINIA  23510 

I DISTRIBUTION  STATEMENT  A 1 

PREPARED  BY 

Approved  for  public  releases 

MICHAEL  BAKER,  JR.,  INC.  L 

Distributive  Unlimited 

BEAVER,  PENNSYLVANIA  15009 

1 n°is 

AUGUSfl97& 

IS  2x3  ^ 

SECURITY  CLASSIFICATION  OF  THIS  PACE  (Tfhan  Dmtm  Entered) 

! REPORT  DOCUMENTATION  PAGE 


II.  REPORT  NUMBER 


VA16502 


2.  OOVT  ACCESSION  NO. 


4.  TITLE  (end  Subtitle) 

Phase  I Inspection  Report 
National  Dam  Safety  Program 
Lower  North  River  No.  78 
Rockingham  County,  State  of  Virginia 

7.  AUTHORf.J 

Michael  Baker,  Jr.,  Inc. -Michael  Baker  III 


I 9.  PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 


11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

U.  S.  Army  Engineering  District,  Norfolk 
803  Front  Street 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

3.  RECIPIENT’S  CATALOG  HUMBER 


5.  TYPE  OF  REPORT  & PERIOD  COVERED 

Final 

6.  PERFORMING  ORG.  REPORT  NUMBER 
4.  CONTRACT  OR  GRANT  NUMBERf*) 

DACW  65-78-D-0016 ^ 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  a WORK  UNIT  NUMBERS 


12.  REPORT  DATE 

August  1978 

13.  NUMBER  OF  PAGES 

54 


14.  MONITORmTg  AGENCY  NAME  & ADDRESS^//  different  from  Controlling  Office)  15.  SECURITY  CLASS,  (of  thle  report) 

Unclassified 


15a.  DECL  ASSI  FICATION/ DOWN  GRADING 
SCHEDULE 


|16.  DISTRIBUTION  STATEMENT  (of  thle  Report) 


j Approved  for  public  release;  distribution  unlimited. 


\7.  OlSTWOviTION  ST  ATEMEHT  (of  the  obetrocl  entered  In  Block  20  If  different  from  Report) 


18.  SUPPLEMENTARY  NOTES 

**?  •-  A 

Copies  are  obtainable  from  National  Technical  Information  SeWice, 
Springfield,  Virginia  22151 

19.  KEY  WOROS  (Continue  on  reverse  side  If  necessary  end  Identify  by  block  number) 

Dams  - VA 

National  Dam  Safety  Program  Phase  I 
Dam  Safety 

Dam  Inspection  ’ 

20.  ABSTRACT  (Continue  oa  reveres  side  ft  necessary  end  Identify  by  block  number) 


(See  reverse  side) 


DD  i jan^tj  1473  EDITION  OF  I NOV  6S  IS  OBSOLETE 


Unclassified 

SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Wltmn  Dmtm  Entmrmd) 


20.  Abstract 


Pursuant  to  Public  Law  9^-367,  Phase  I Inspection  Reports  are  prepared 
under  guidance  contained  In  the  recommended  /guidelines  for  safety 
inspection/  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.'  20314.  ^The  purpose  of  a Phase  I investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a Phase  I investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a Phase  I inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. 


Phase  I reports  include  project  information  of  the  dam  and 
appurtenances,  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydrologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 


1 M.  tint  mi/m  IMa  1 

J 

b 

D 


r } 


rrn'r 


JAN  19  1979 


IE15EUT71S 

D 


PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 


CONTENTS 

Page 

Brief  Assessment  of  Dam 1 

Overall  View  of  Dam 3 

Section  1:  Project  Information 5 

Section  2:  Engineering  Data  9 

Section  3:  Visual  Inspection 11 

Section  4:  Operational  Procedures  13 

Section  5:  Hydraulic/Hydrologic  Data 15 

Section  6:  Dam  Stability 17 

Section  7:  Assessment/Remedial  Measures  21 

Appendices 

I . Plates 

I I . Photographs 

III.  Check  List  - Visual  Inspection 

IV.  Check  List  - Engineering  Data 

V.  Annual  Maintenance  Inspection  Reports 

VI . Geologic  Report 

VII.  Stability  Analyses 

VIII.  Analysis  of  Piping  and  Cracking  Potential 


NAME  OF  DAM:  LOWER  NORTH  RIVER  NO.  78 
i 


PHASE  I INSPECTION  REPORT 
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Name  of  Dam:  Lower  North  River  No.  78 

State:  Virginia 

County:  Rockingham 

Stream:  Briery  Branch 

Date  of  Inspection:  15  June  1978 


BRIEF  ASSESSMENT  OF  DAM 


.Lower  North  River  Dam  No.  78  is  an  earth  dam  approximately 
92  feet  high  and  762  feet  long.  The  dam  is  owned  and  operated 
by  the  U.S.  Forest  Service  and  was  designed  by  the  Soil 
Conservation  Service  as  part  of  the  Potomac  River  Watershed 
Project.  The  visual  inspections  and  review  of  engineering 
data,  made  in  June  1978,  indicate  no  serious  deficiencies 
requiring  emergency  attention. 

The  spillway  will  pass  the  Probable  Maximum  Flood  without 
overtopping  the  dam.  No  evidence  of  severe  unstable  slope 
conditions  or  seepage  was  observed. 

It  is  recommended  that  the  high  stage  trash  rack  be  repaired 
and  a means  to  control  vehicular  traffic  be  implemented. 

Small  trees  growing  on  the  embankment  slopes  should  also  be 
removed . 


MICHAEL  BAKER,  JR.,  INC. 


Michael  Baker,  III,  P.E.' 
Chairman  of  the  Board  and 
Chief  Executive  Officer 


APPROVED : 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  LOWER  NORTH  RIVER  NO.  78  ID#  VA  16502 

SECTION  1 - PROJECT  INFORMATION 


Authority:  Public  Law  92-367,  8 August  1972, 

authorized  the  Secretary  of  the  Army,  through 
the  Corps  of  Engineers  to  initiate  a national 
program  of  safety  inspections  of  dams  through- 
out the  United  States.  The  Norfolk  District 
has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the 
Commonwealth  of  Virginia. 

Purpose  of  Inspection:  The  purpose  is  to 
conduct  a Phase  I inspection  according  to  the 
Recommended  Guidelines  for  Safety  Inspection 
of  Dams . The  main  responsibility  is  to 
expeditiously  identify  those  dams  which  may 
be  a potential  hazard  to  human  life  or  property. 

1.2  Description  of  Project 

1.2.1  Description  of  Dam  and  Appurtenances:  Lower 
North  River  Dam  No.  78  (Briery  Branch)  is  a 
zoned  earth  dam  92  feet  high  and  762  feet 
long.  The  impervious  core  and  zoned  cut-off 
trench  extending  to  firm  bedrock  were  designed 
to  provide  seepage  control.  A rock  toe  drain 
has  been  provided.  The  emergency  spillway  is 
an  earth  side-channel  type  with  a bottom 
width  of  200  feet.  The  principal  spillway  is 
a side  inlet  structure  consisting  of  a rein- 
forced concrete  riser,  36  inch  diameter 
concrete  water  pipe,  and  a riprapped  stilling 
basin.  The  reservoir  is  used  for  flood 
control.  There  is  an  inlet  on  the  reservoir 
side  of  the  riser  at  normal  pool  elevation 
1989.0  feet.  The  reservoir  may  be  drained  by 
use  of  a hand-operated,  36  inch  slide  gate. 

A plan  and  typical  sections  are  shown  on 
Plates  1,  2 and  3. 

1.2.2  Location:  Lower  North  River  Dam  No.  78  is 
located  on  Briery  Branch,  approximately  five 
miles  upstream  of  the  Town  of  Briery  Branch. 


1.1  General 
1.1.1 
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Size  Classification:  The  maximum  height  of 
the  dam  is  92  feet.  The  reservoir  volume  to 
the  top  of  the  dam  is  2550  acre-feet.  There- 
fore, the  dam  is  in  the  "intermediate"  size 
category  as  defined  by  the  Recommended  Guide- 
lines for  Safety  Inspection  of  Dams . 

Hazard  Classification;  Due  to  the  five  mile 
distance  to  the  Town  of  Briery  Branch,  Virginia 
with  a population  of  about  150,  many  lives 
could  be  lost  in  the  event  of  failure  of  the 
dam.  Therefore,  this  dam  is  considered  in 
the  "high"  hazard  category  as  defined  by 
Section  2.1.2  of  the  Recommended  Guidelines 
for  Safety  Inspection  of  Dams . The  hazard 
classification  used  to  categorize  dams  is  a 
function  of  location  only  and  has  nothing  to 
do  with  its  stability  or  probability  of 
failure. 

Ownership:  The  dam  is  owned  and  operated  by 
the  U.S.  Forest  Service. 

Purpose  of  Dam:  The  dam  is  used  for  flood 
control  on  the  Lower  North  River  Watershed 
(Potomac  River  Basin). 

Design  and  Construction  History:  The  existing 
facility  was  designed  for  the  owner  by  the 
U.S.  Soil  Conservation  Service  (S.C.S.).  The 
dam,  which  was  built  by  the  English  Construc- 
tion Company,  was  completed  in  1968. 

Normal  Operational  Procedures:  No  formal 
operating  procedures  are  followed  for  this 
dam.  Normal  pool  is  controlled  by  an  orifice 
inlet  on  the  side  of  the  riser  at  an  elevation 
of  1989.0  feet.  Since  this  dam  is  used  for 
flood  control,  the  principal  spillway  (riser 
crest)  is  located  at  an  elevation  of  2016.8 
feet  with  excess  flows  diverted  through  the 
side-channel  emergency  spillway  with  a crest 
elevation  of  2045.6  feet.  It  is  not  known 
how  often  the  lift  on  the  36  inch  slide  gate 
has  been  operated. 
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1.3  Pertinent  Data 

1.3.1  Drainage  Area:  The  drainage  area  of  the  Lower 
North  River  Dam  No.  78  is  9.52  square  miles. 

1.3.2  Discharge  at  Dam  Site:  The  maximum  flood  at 
the  dam  site  is  not  known. 

Principal  Spillway: 

Pool  level  at  emergency 

spillway  crest  226  c.f.s. 

Pool  level  at  top  of  dam  . . 240  c.f.s. 

Emergency  Spillway: 

Pool  level  at  top  of  dam  . . 21,000  c.f.s. 

1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on 
the  dam  and  reservoir  are  shown  in  the  fol- 
lowing table: 


TABLE  1.1  DAM  AND  RESERVOIR  DATA 


Item 

Elevation 
feet  M.S.L. 

Area 

acres 

1 

Acre 

feet 

Reservoir 

Capacity 

Watershed 
inches  (a) 

Length 

feet 

Top  of  dam 

2056.0 

64.3 

2550 

5.0 

0.63 

Maximum  pool , 

design  surcharge 

2049.9 

59.4 

2180 

4.3 

0.58 

Emergency  spillway 

crest 

2045.6 

55.7 

1923 

3.8 

0.52 

Principal  spillway 

crest 

2016.8 

32.2 

663 

1.3 

0.35 

Normal  pool  (b) 

1989.0 

9.6 

73 

0.1 

0.18 

Streambed  at  center- 

line  of  dam 

1975+ 

• 

• 

(a)  Based  on  9.52  square  miles  of  watershed. 

(b)  Top  of  conservation  pool  and  bottom  of  flood  control  pool. 
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SECTION  2 - ENGINEERING  DATA 


2.1  Design:  The  design  data  reviewed  included  the  following: 

1)  As-built  drawings  indicating  plans,  elevations 
and  sections  of  the  dam  and  appurtenant 
structures  (logs  of  the  test  borings  and  test 
pits  were  also  included  in  the  as-built 
drawings ) . 

2)  Soil  test  results. 

3)  Geologic  Report  (Appendix  VI). 

4)  Geotechnical  Report. 

5)  Slope  Stability  Analyses  (Appendix  VII). 

6)  Analysis  of  Piping  and  Cracking  Potential 
(Appendix  VIII ) . 

7)  Work  Plan. 

All  existing  data  have  been  filed  with  the  Norfolk 
District  for  future  reference. 

2.2  Construction : The  dam,  constructed  by  the  English  Con- 
struction Company,  was  completed  in  1968.  Construction 
records  were  not  available  for  this  inspection  report, 
but  are  on  file  in  Washington,  District  of  Columbia. 

2 . 3 Operation:  There  are  no  formal  operating  procedures 

for  this  dam.  The  slide  gate  used  to  drain  the  reservoir 
is  not  periodically  operated.  There  is  no  existing 
policy  concerning  the  frequency  of  its  use.  Annual 
inspections  are  conducted  through  the  joint  effort  of 
the  S.C.S.  and  U.S.  Forest  Service.  Inspection  reports 
for  the  last  three  years  are  attached  as  Appendix  V. 

2 . 4 Evaluation 

2.4.1  Design:  The  Stability  Analyses  and  as-built 
drawings  were  adequate  for  evaluating  the 
structural  stability  of  the  dam.  Foundation 
conditions  were  determined  using  the  Geotech- 
nical and  Geologic  Reports. 

2.4.2  Construction:  No  construction  records  were 
available.  However,  the  as-built  drawings 
should  indicate  modifications  and  changes 
made  during  construction. 

2.4.3  Operation:  Operation  of  the  slide  gate 
should  be  included  in  the  annual  maintenance 
and  inspection  program. 
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SECTION  3 - VISUAL  INSPECTION 


3.1.1  General:  The  field  inspection  was  performed 

on  15  June  1978.  No  unusual  weather  conditions 
were  experienced  and  the  reservoir  was  at 
normal  pool.  The  dam  and  appurtenant  struc- 
tures were  found  to  be  in  good  overall  condi- 
tion at  the  time  of  inspection  (see  Photo  1). 

The  problems  noted  during  the  visual  inspec- 
tion are  considered  minor.  Nothing  was  observed 
in  the  field  that  required  immediate  remedial 
action. 


3.1.2  Dam:  Several  footpaths  were  observed  on  the 
upstream  slope  of  the  dam  near  the  left 
abutment  and  on  the  slope  above  the  upstream 
side  of  the  left  abutment.  Scattered  debris 
has  been  deposited  on  the  upstream  face  cf 
the  dam  as  a result  of  a high  water  level. 
Logs  and  debris  had  also  been  deposited  on 
the  riprap  gutters  at  the  left  and  right 
abutment.  Many  small  trees  were  observed 
growing  on  both  the  downstream  and  upstream 
faces  of  the  dam. 


3.1.3 


3.1.4 


Appurtenant  Structures:  The  high  stage  trash 
rack  has  several  broken  bolts  that  held  the 
horizontal  bars  in  position  (see  Photo  2). 
This  is  probably  a result  from  ice  or  debris 
build-up  during  higher  pool  levels.  Some 
minor  erosion  of  the  banks  of  the  stilling 
basin  (see  Photo  3)  was  observed.  This 
erosion  is  most  likely  caused  by  water  levels 
overtopping  the  riprap  in  the  stilling  basin 
during  high  runoff  periods. 


Reservoir  Area:  Sloughing  was  observed  on 
the  left  side  of  the  reservoir  near  the 
emergency  spillway  ( see  Photo  4 ) . A scarp 
approximately  two  feet  long  and  five  inches 
wide  has  formed  at  the  top  of  the  slough. 
Footpaths  were  also  observed  near  this  same 
location. 


Downstream  Channel : The  outlet  channels  for 
the  rpincipal  and  emergency  spillways  showed 
no  serious  signs  of  erosion. 
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3*2  Evaluation:  The  problems  listed  above  are  maintenance 
problems  and  should  be  corrected  as  part  of  the  annual 
maintenance  program.  The  trees  growing  on  the  embank- 
ment should  be  removed.  Vehicular  traffic  on  the 
embankment  slopes  should  be  controlled.  The  trash  rack 
should  be  repaired.  The  slough  near  the  emergency 
spillway  and  the  minor  stilling  basin  erosion  should  be 
checked  during  annual  inspections  for  signs  of  further 
deterioration. 


NAME  OF  DAM:  LOWER  NORTH  RIVER  NO.  78 
12 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  Procedures : No  formal  operational  procedures  are  used 
on  the  Lower  North  River  Dam  No.  78,  since  it  is  a 
flood  control  structure  and  does  not  require  the  use  of 
water  supply  intake  valves  or  gates . The  reservoir 
under  normal  conditions  remains  at  the  elevation  of 
normal  pool,  1989.0  feet,  and  has  56.6  feet  of  addi- 
tional storage  area  to  the  crest  of  the  emergency 
spillway. 

4.2  Maintenance  of  Dam:  Annual  inspections  are  conducted 
through  the  joint  effort  of  the  S.C.S.  and  the  U.S. 
Forest  Service. 

4.3  Maintenance  of  Operating  Facilities:  The  lift  for  the 
slide  gate  is  not  routinely  operated  to  check  its 
function. 

4.4  Warning  System;  At  the  present  time,  there  is  no 
warning  system  or  evacuation  plan  in  operation. 

4.5  Evaluation:  Maintenance  of  the  operating  facilities 
are  considered  adequate  for  the  functions  that  they 
serve.  However,  formal  records  of  the  lift  gate  checks 
similar  to  the  annual  maintenance  and  inspection 
reports  should  be  instituted  perhaps  as  part  of  the 
annual  inspections . 
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SECTION  5 - HYDRAULIC/HYDROLOGY  DATA 
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5.1  Design:  The  S.C.S  hydrologic/hydraulic  calculations 
were  not  available  for  this  report. 

5.2  Hydrologic  Records:  None 

5.3  Flood  Experience:  The  17  June  1949  flood  peaked  at  a 
discharge  of  11,100  c.f.s.  at  the  stream  gage  located 
near  Stokesville,  approximately  eight  miles  from  Lower 
North  River  Dam  No.  78.  The  peak  corresponds  to  a 
recurrence  interval  of  approximately  once  in  sixty  years. 

5.4  Flood  Potential:  Performance  of  the  reservoir  was 
analyzed  by  routing  the  Probable  Maximum  Flood  (P.M.F.) 
through  the  reservoir  as  required  for  a dam  classified 
by  the  Recommended  Guidelines  for  the  Safety  Inspection 
of  Dams  as  a "intermediate11  size-”high"  hazard  dam. 

The  100  year  flood  and  one-half  P.M.F.  were  also  routed. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data 
are  shown  m Table  1.1,  paragraph  1.3.3. 

Regulation  of  the  flow  from  the  reservoir  is  automatic. 
Normal  flows  are  controlled  by  the  low  stage  inlet  in 
the  riser  at  an  elevation  of  1989.0  and  the  high  stage 
drop-inlet  with  a crest  elevation  of  2016.8.  Water 
flowing  into  these  inlets  flows  through  the  dam  in  a 
36  inch  diameter  concrete  conduit.  Water  also  flows 
past  the  dam  through  an  ungated,  vegetated,  side- 
channel  emergency  spillway  in  the  event  water  in  the 
reservoir  rises  over  the  spillway  crest. 

5.6  Overtopping  Potential:  The  probable  rise  in  the  reser- 
voir and  other  pertinent  information  on  the  reservoir 
performance  for  the  P.M.F.,  one-half  P.M.F.  and  100  year 
flood  is  shown  in  the  following  table: 


TABLE  5.1  RESERVOIR  PERFORMANCE 


Item 

Normal 

100  year 

Hydrographs 
1/2  P.M.F. 

P.M.F. 

Peak  flow,  c.f.s. 

Inflow 

- 

2171 

9050 

18,100 

Outflow 

- 

1039 

8803 

17,747 

Peak  elevation,  ft.  M.S.L. 

1989.0 

2028.8 

2051.8 

2055.2 

Emergency  spillway 

Depth  of  flow,  ft. 

- 

- 

3.8 

6.0 

Average  velocity,  f.p.s. 

- 

- 

10.8 

13.5 

Non-overflow  section 

Depth  of  flow,  ft. 

- 

- 

- 

- 

Average  velocity,  f.p.s. 

- 

- 

- 

- 
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5.7  Reservoir  Emptying  Potential;  The  time  required  to 

draw  the  reservoir  down  from  normal  pool  to  the  reservoir 
drain  invert  is  approximately  11  hours. 

5.8  Evaluation;  Hydraulic  and  hydrologic  determinations  of 
the  project  were  computed  as  part  of  this  report.  The 
P.M.F.,  one-half  P.M.F.  and  100  year  hydrographs  were 
routed  through  the  dam  and  reservoir  starting  with  pool 
level  at  the  crest  of  the  emergency  spillway.  The 
routed  P.M.F.  reached  a maximum  elevation  of  2055.2 
feet  which  is  0.8  feet  lower  than  the  minimum  top  of 
dam  elevation.  Therefore,  the  dam  and  spillway  have 
adequate  storage  discharge  capacities  to  pass  the 
P.M.F. 

It  should  be  indicated  that  conclusions  pertain  to 
present  day  conditions,  and  that  the  effect  of  future 
development  on  the  hydrology  has  not  been  considered. 
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SECTION  6 - DAM  STABILITY 


6.1  Foundation  and  Abutments;  The  majority  of  the  dam 
rests  on  a coarse-grained  alluvial  flood  plain  consisting 
mainly  of  boulders,  cobbles  and  gravel.  Underlying  the 
soil  overburden  is  red,  fine-grained,  massive  sandstone 
interbedded  with  some  siltstone  and  shale.  The  attitude 
of  the  rock  is  generally  N.75°E.,  8°E.  Along  the 
centerline  of  the  dam,  the  depth  to  sandstone  bedrock 

in  the  flood  plain  area  ranges  from  four  feet  at  the 
toe  of  the  left  abutment  to  27.5  feet  at  the  toe  of  the 
right  abutment. 

A talus  slope  consisting  of  red  sandstone  boulders, 
cobbles  and  gravel  occurs  on  the  right  abutment.  At 
the  centerline  of  the  dam,  the  talus  ranges  in  thickness 
from  0.5  feet  to  22  feet.  The  left  abutment  is  an 
alluvial  bench  deposit  up  to  60.3  thick.  It  is  composed 
of  sub-angular  red  and  gray  sandstone,  boulders,  cobbles 
and  gravel  with  red  brown  silty  sand  filling  the  inter- 
stices. The  cut-off  trench  was  extended  to  bedrock, 
entailing  removal  of  the  coarse  grained  overburden  from 
the  left  abutment. 

6 . 2 Stability  Analysis 

6.2.1  Visual  Observations;  No  evidence  of  instability 
in  the  embankment  was  observed.  No  seepage 

was  observed  in  the  embankment,  abutments  or 
foundation  that  would  suggest  an  unstable 
condition.  Sloughing  was  observed  on  the 
upstream  side  of  the  left  abutment  near  the 
emergency  spillway  (Photo  4). 

6.2.2  Design  Data:  Slope  stability  was  checked  in 
June  1965  and  again  in  September  1965  by 
circular  arc  failure  methods . 

The  zoned  embankment  section  chosen  for  the 
first  analysis  had  a crest  elevation  of  2056 
feet  and  side  slopes  of  two  and  one-half 
horizontal  to  one  vertical  (2.5:1)  with  an 
upstream  bench  at  elevation  1990.  The  section 
indicated  two  embankment  zones.  The  shell  of 
the  dam  was  shown  adjacent  to  a core  with 
slope  ratios  of  1.25:1.  Steeper  core  slope 
ratios  were  also  shown  on  the  section;  however, 
the  Slope  Stability  section  of  the  Geotechnical 
Report  indicates  that  a wide  core  was  assumed. 
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The  following  shear  strength  parameters  were 
assumed  for  the  first  analysis: 


■ 


i 


t 


I 


I 


core  = 29. 5°,  c_  = 350  p.s.f. 

shell.  . . j£_  = 36. 0°,  _c  = 425  p.s.f. 

<P  = 38.5°,  c = 600  p.s.f. 

Total  stress  parameters  were  used  for  the 

core  material  while  effective  stress  parameters 
were  used  for  the  shell.  These  shear  strengths 
were  determined  from  consolidated  undrained 
triaxial  shear  tests. 

Although  two  sets  of  effective  stress  parameters 
were  assumed  for  the  shell  material,  the 
analysis  shows  that  parameters  of  T = 36°  and 
c = 425  p.s.f.  yield  the  lowest  safety  factor. 
Minimum  safety  factors  computed  from  the 
first  analysis  were  1.31  for  the  upstream 
slope  under  full  drawdown  and  1.97  for  the 
downstream  slope.  Computations  for  the 
downstream  slope  assumed  a drain  at  the  toe 
of  the  center  core. 

An  embankment  section  having  a rock  toe 
(instead  of  a drain  at  the  toe  of  the  core) 
and  a smaller  core  was  chosen  for  the  second 
analysis.  The  shell  of  the  dam  was  shown 
surrounding  a core  with  slope  ratios  of 
0.75:1.  In  this  stability  analysis,  the  core 
refers  to  Embankment  Zones  I and  II  while  the 
shell  refers  to  Zones  III  and  IV. 

Shear  strength  parameters  were  consistent  in 
the  second  analysis  since  all  total  stress 
parameters  were  used.  No  change  was  found  in 
converting  the  shell  parameters  to  total  from 
effective;  however,  strength  parameters  from 
a third  triaxial  shear  test  were  used.  The 
following  shear  strength  parameters  were 
assumed  for  the  second  analysis: 

core  . . . <P  = 29.5°,  c = 350  p.s.f. 

shell.  ..<)>  = 40°,  c = 0 

A minimum  factor  of  safety  of  1.91  was  computed 
for  the  downstream  slope.  Upstream  trials 
indicated  that  a 10  feet  wide  berm  at  elevation 
2024.0  would  be  needed  to  provide  a minimum 
safety  factor  of  1.33. 

A check  of  the  piping  potential  was  also 
made.  The  gradations  and  plasticities  of  the 
expected  embankment  materials  indicated  that 
piping  would  not  be  a problem. 
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6.2.3  Operating  Records : The  yearly  inspections 
indicate  no  deteriorating  conditions  beyond 
minor  surface  erosion.  Debris  on  the  upstream 
face  of  the  dam  indicates  water  has  at  least 
been  as  high  as  the  riser  crest  with  no 
serious  damage. 

6.2.4  Post-Construction  Changes : No  alternations 

of  the  dam  were  apparent  since  it  was  construc- 
ted. 

6.2.5  Seismic  Stability;  Lower  North  River  Dam 
No.  78  is  located  in  Seismic  Zone  2 and  is 
considered  to  have  no  hazard  of  earthquakes 
according  to  the  Recommended  Guidelines  for 
Safety  Inspection  of  Dams . 

6.3  Evaluation:  The  second  stability  analysis  is  com- 
patible with  the  as-built  drawings.  Embankment  Zones  I 
and  II  were  assumed  to  have  identical  shear  strengths 
as  were  Zones  III  and  IV.  Additional  analyses  are  not 
considered  necessary. 
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SECTION  7 - ASSESSMENT/REMEDIAL  MEASURES 


7.1  Dam  Assessment:  The  dam  is  designed  to  prevent  over- 
topping under  P.M.F.  conditions.  No  seepage  or  slope 
failures  were  noted  that  would  indicate  potential 
piping  or  embankment  failure.  No  major  erosion  problems 
are  present. 

The  data  available  were  sufficient  to  evaluate  the 
adequacy  of  design.  Although  no  hydraulic/hydrologic 
calculations  were  available,  information  collected  in 
the  field,  and  taken  from  the  Work  Plan  and  as-builts 
was  sufficient  to  evaluate  the  overtopping  potential . 

The  dam  will  not  require  urgent  remedial  treatment. 


7.2 


I 


Further  investigation  is  not  considered  necessary. 

Recommended  Remedial  Measures:  The  slope  on  the  left 
side  of  the  reservoir,  where  erosion  and  sloughing  were 
observed,  should  be  graded  and  reseeded.  Several  areas 
where  vegetation  has  been  destroyed  by  vehicular  and 
pedestrian  traffic  should  also  be  reseeded  in  the  near 
future.  Several  logs  scattered  on  the  upstream  slope 
as  well  as  debris  on  the  riprap  gutters  should  be 
removed.  The  small  trees  growing  on  both  the  upstream 
and  downstream  faces  of  the  dam  should  be  removed. 

Also,  the  bolts  holding  the  horizontal  bars  in  the  high 
stage  trash  rack  need  to  be  replaced.  If  erosion  above 
the  existing  riprap  worsens,  riprap  should  be  placed  on 
the  banks  of  the  stilling  basin.  These  corrective 
measures  can  be  accomplished  as  part  of  the  annual 
maintenance  and  inspection  program. 
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Riser  and  Reservoir  from  Top  of  Dam 

Riser  Showing  Trash  Rack 

Outlet  Pipe  and  Stilling  Basin 

Sloughing  and  Erosion  Below  Emergency  Spillway 


Note:  Photographs  were  taken  15  June  1978. 
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PHOTO  2 
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Outlet  Pipe  end  Stilling  Beeln 


PHOTO  4 


Sloughing  and  Erosion  Below  Emergency  Spillway 
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Lower  North  River  No.  78 


RIPRAP  FAILURES  Logs  and  debris  have  been  deposited  on  the  riprap  gutters  at  the  Debris  should  be  removed. 

left  and  right  abutments. 
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UNGATED  SPILLWAY 


INSTRUMENTATION 


RESERVOIR 


DOWNSTREAM  CHANNEL 


APPENDIX  IV 


CHECK  LIST  - ENGINEERING  DATA 


RAINFALL/RESERVOIR  RECOPDS  No  rainfall  or  reservoir  records  are  available  at  the  dam. 
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BORROW  SOURCES  Borrow  areas  In  the  left  abutment  and  reservoir  areas  are  shown  In  the  as-bullts. 
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b.  Location 

c.  Records 


MAXIMUM  NON- DAMAGING  DISCHARGE 


Unknown 
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'OAN  VALLEY  SOIL  AND  WATER  CONSERVATION  DISTRICT 


Report  of  Annual  Maintenance  Inspection  of  Watershed  Oams  in 
LOWER  NORTH  RIVER  WATERSHED  PROGRAM 
April  12,  1978 


An  inspection  was  made  on  5 dam  sites  in  Lower  North  River  Watershed. 
Those  present  on  the  inspection  were: 

Gerald  Fawley  Chairman  District  Board 

James  Moyers  Chairman  Watershed  Committee 

Arlis  Frymyer  District  Di rector 

John  Crist  Soil  and  Water  Conservation  Commission 

Don  Parslow  U.S.  Forest  Service 

Randy  Maupin  Soil  Conservation  Service 


The 

party. 

following  observaions  were 

made  by  members  of  the  inspection 

Si  te 
No. 

Date 

Como  let ed 

Date  of  last 
Inspection 

Remarks 

22  B 

4-67 

4-23-77 

Additional  rail  or  large  stone  needed 
to  control  traffic  in  borrow  area 
above  spilway  where  new  guard  rails 
were  placed.  Work  reported  needed  in 
Borrow  Area  C has  not  been  completed. 

81  C 

10-75 

• 

Site  in  good  condition.  Suggest  top 
of  dam  be  fertilized  at  regular  inter- 
vals to  maintain  grass  stands. 

. 80 

3-67 

4-20-77 

Repairs  needed  on  path  that  has  been 
worn  to  waters  edge  on  wet  side  of  dam 

’*'*■•*.  ■*"*  - — - 

co 

4-65 

4-20-77 

Vehicle  traffic  has  worn  off  vegeta- 
tion in  several  areas.  No  repair 
needed  at  this  time. 

CO 

11-65 

4-20-77 

Trash  rack  needs  repair.  Bolts  bro- 
ken that  hold  steel  bars  in  place. 
Vegetation  has  been  worn  off  by  ve- 
hicle traffic  in  several  areas  but 
repairs  not  suggested  at  this  time. 

V-l 


Shenandoah  valley  soil  and  water  conservation  district 

REPORT  Or  ANNUAL  MAINTENANCE  INSPECTION  OF  WATERSHED  DAMS  IN 
LOWER  NORTH  RIVER  WATERSHED  PROGRAM 
May  28,.  1976 


Cn  May  28,  1976  E.  3.  Craun,  Shenandoah  Valley  Soil  and  Water  Conservation 
District  Director;  Don  Parslow,  U.  S.  Forest  Service;  and  Randy  Maupin,  District 
Conservationist  Soil  Conservation  Service,  made  an  annual  maintenance  inspection 
of  the  completed  flood  control  structures  in  Rockingham  County,  Virginia. 

The  following  observations  were  made  by  the  members  present  on  the  inspection 


Dam  No.  78 


Dam  No.  83  — 


Dam  No.  80  ••• 


Dam  No.  22B  -- 


Area  between  highway  and  lake  has  a steep  bank  that  is  sloughing 
off  of  approximately  1,000  square  feet.  It  should  be  overseeded 
with  a mixture  of  fescue  and  serecia  lespedeza  plus  fertilizer. 

Upper  borrow  area  shows  evidence  of  sheet  erosion.  Suggest  that 
over seeding  be  done  over  the  approximate  2 acres  with  a mixture 
of  fescue  and  serecia  lespedeza.  Gully  on  south  side  of  road  at 
second  waterDreak  up  stream  from  spillways.  Forest  service  will 
take  care  of  this  problem. 

On  dry  side  of  dam  traffic  is  apparently  stopped  and  it  is  felt 
that  it  will  revegetate  naturally.  Foot  path  on  wet  side  of  dam 
near  center  is  still  getting  traffic  and  will  need  further  study 
to  determine  remedy. 

Eorrow  area  no.  C has  break  in  diversion  also  about  % acre  bare 
of  vegetation.  This  area  needs  attention  as  soon  as  possible.  On 
dry  side  of  dam  jeep  trail  is  still  being  used.  Gate  has  not  been 
installed,  therefore,  need  to  inquire  as  to  status  from  city  of 
Harri sonburg. 


fhi s report  is  concurred  by: 


E.  B.  Craun,  Shenandoah  Valley  Soil  and  Water 
Conservation  District  Director 

Randolph  J.  Maupin/  Pi  strict  Conservationist,  Soil 
Conservation  Servfee'^JP’ 

U9Pf  (T'&osJ&J 

Don  Parslow,  United  States  Forest  Service 


DISTR:  State  Ofc. 

Area  Office 
Rockingham  Ofc. 

U.S.  Forest  Service 
Shenandoah  Valiey  SWCD 
City  cf  Harrisonburg 


c o,  r\r«r«us t Mai n conduce  a. 
r . .atershed  Dams  in  Lower  North  River 
Watershed  Program 


Date  Date  of  last 

Completed  Inspection  Remarks 

4-67  5-28-76  Vehicle  traffic  on  the  dry  side  of  Dam  has 

worn  away  vegetation.  Vehicle  traffic  into 
borrow  area  east  of  the  spillway  has  created 
two  small  gullies  approximately  200  feet  long. 
Traffic  control  and  seeding  needed.  Borrow  area 
C above  the  lake  site  has  a break  in  berm  and 
some  bare  areas  above  and  below.  l/3  acres  of 
revegetation  needed. 

Mr.  Locker  agreed  that  the  City  of  Harrisonburg  will  assist  the  District  with 
maxing  the  necessary  repairs  on  this  site. 


Si  te 
No. 

22  B 


This  report  is  concurred  by: 


Car)  5.  Lively,  Shenandoah  Valley  Soil  and  Water  Conservation  District 

- / , w .rj--  -Z  , y 


Gerald  E.  Fawley,  Snenandoah-VaW-ey  Soil  and  Water  Conservation  District 


t.  1, 


haro.a  H.  Bush,  Shenar.doan  Valley  Soil  and  Water  Conservation  District 


r-.  . ' / 


/r 


Don  Parslow,  United  States  Forest  Service 


Randolph  J.  Maubin,  District  Conservationist,  Soil  Conservation  Service 


Edward  Loker,  City  of  Harrisonburg 


SHENANDOAH  VALLEY  SOIL  AND  WATER  CONSERVATION  DISTRICT 


Report  of  Annual  Maintenance  Inspection  of  Watershed  Dams  in 
LOWER  NORTH  RIVER  WATERSHED  PROGRAM 
April  20  and  23,  1977 


On  April  20,  1977  Carl  Lively  and  Gerald  Fawley,  District  Directors, 
and  Randy  Maupin,  District  Conservationist,  Soil  Conservation  Service,  made 
an  annual  maintenance  inspection  of  Dam  Sites  #78,  Briery  Branch,  #83,  Hone 
Quarry,  and  #80,  Union  Springs.  Don  Parslow  of  the  U.S.  Forest  Service  was 
called  on  a forest  fire  and  was  unable  to  make  the  inspection  tour  with  the 
group,  but  had  visited  site  #78  and  #80  recently. 

The  following  observations  were  made  by  members  of  the  inspection  team: 

Aoril  20,  1977 

Sice  Date  Date  of  last 

To.  Comol eted  Insoecti on  Remarks 

Area  sited  as  needing  seeding  in  last  years 
reoort  in  stabilizing.  Vehicle  traffic  is 
creating  damage  to  outer  slope  of  spillway. 
Seeding  not  needed  at  this  time  but  control 
of  traffic  needed.  Few  large  logs  on  wet 
slope  of  Dam  should  be  removed. 

Vehicle  traffic  on  steep  slopes  in  borrow  area 
needs  control.  Few  large  logs  on  wet  slope  of 
Dam  need  removal. 

Traffic  near  the  center  on  the  wet  side  of  the 
Dam  is  continuing.  Vegetation  is  being  worn 
away.  This  is  not  a hazard  to  the  structure  at 
this  time. 


Aoril  23.  1977 

Dam  "22  3 was  inspected  by  Harold  ri.  Bush,  District  Director,  Ed  Locker, 
City  of  Harrisonburg,  Don  Parslow,  U.S.  Forest  Service,  and  Randy  Maupin,  District 
Conservationist,  Soil  Conservation  Service. 


7S  11-65  5-23-76 

83  4-65  5-28-76 

6C  3-67  5-28-75 


APPENDIX  VI 


GEOLOGIC  REPORT 


*»*•  • ' o*  _ / / 


l.N  *f  ; I f 0»  Af.Hi(  U.  ^ k»**t 

S <J  - U'N'.iWvil.ON  SI  ®viC  I 


IBIS  PAGE  IS  BEST  QUALITY  PKACnCAM* 

TOOM  COPY  FURNISHED  TO  DDC  - 


DETAILED  GEOLOGIC  INVESTIGATION  OF  DAM  SITES 

GENERAL 

s-.i. —Virginia  . r0.ni>  -Rockingham.  . r_  i».  _r_  w s«  r.  . i r =_  . v*«ttrjh«a  lower- .13 onto— River 

Su6»*'fi"«£rittry  Branchno  clan Sit*  "umb«r 7B Site  roup X. Strurtun  tliu  P 

(IP  7.  WP  1.  etc  I 

in«ett.(iteu  6y T . Mack  . fm.iiwium  Hit<j  -RprAgue  fc  HpnuanH  Ht*i  1 1 one  Feb»~Apr.  1965 

Geo  BjiHHf  “*  “»  • International  -“,i.eVoy  Backhoe 

SITE  DATA  hand  augers 


D'»>fl*|e  «r*»  Silt  ^ wj  mi  . 6093  acres  Typt  of  structure 


Oirtction  ol  videy  trend  idownstreemi . 


» Mtumum  height  of  fill 87, 


.feet . Length  of  fill . 


Cstimeted  volume  of  compacted  fill  required  . 441.321 


STORAGE  ALLOCATION 


Volume  lee  ft  ) 

76 

1727 


Surtice  tree  lecresi 


55.5 


Depth  it  Dam  (teat) 


_7$.5_ 


SURFACE  GEOLOGY  AND  PHYSIOGRAPHY 

phfs.o|**or‘  c description  Ridge  . Jt  Valiev  Pro^P£fii.  Mounta  inOUS*tt.tuae  ot  bedi  D o fl°F  striae  K7  qO r 

Steepness  of  abutments  left.,  65_  pe'cent.  *>gt»! percent  W*dth  of  flooopiem  et  centerime  of  dim  _ 420 teet 

Ge-»-ai  |f3 3S,  0<  i.te  Lower  North  R ivpr  .Rit-e  »7fl  is  iocated  in  western  Rockingham 

—County  in  the_George  -Washington.  HatioiiL-Forest Ihe-.site- is_in  .the  -folded 

- Appalachian  Mountains...  -_It  is  _ underlain  -hy  the  Hampshire  format inn  whirh 

is  upper  Devonian  age.  _ In  this  area -the  HaQDshire_f ormation  T s a red. 

- fine  ^grained  massive  sandstone  interbedded  with  some  siltstone  and  shale^ 

_Some  red  shale  interf ormational  breccia  and  manganese-sandstone  is  present 
-The  -Hampshire  format ion_here  occurs  as  the  western _iimb  of— a— gentle 

syncline  (Butts  1940),  ..  The  eastern  limb  of  this  ttynniino  ig  truncated  hy 

the  north  mountain  thrust  fault.  The  fracture pattetn  is_a_netwprk_ of 

vertical  and  approximately  horizontal  fracture  planea. These  planes  form 

90  degree  joint  sets  in  _the  indurated,  competent-sandstone. 

Briery  Branch  flows _in  a._narrow  valley  between  ateep-.vaLley  walls 

that  are  of  old  alluvium  or  sandstone  talus-material._  This  stream-flows— 
a strongly  entrenched  dendritic  stream  pattern-  The  low  angle-of_dip 

the  atrata  has  caused  thia  dendritic  «tream  pattern  ta. devalop  -as 

_ 1 opposed  to  the  _treliia_  stream.  pattern,-  vhinh  i«  more  common— in_t ha  -folded- 
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nppal nchior,s  ^ Briery  Branch  is  strongly  degrading.  Thi  s dcgrad- 
inC  action  j8  now  in  the  process  of  flushing  out  the  fines  ;n  the 
cobbles  an-i  bouldero  in  the  stream  valley.  Fortner  aggradation  of 
the  stream  is  shown  by  the  thick  alluvial  terraces  which  are  present. 

In  the  valley  of  Briery  Branch  the  alluvium  is  red  and  pray 
sandstone  and  green  lamprophyre  cobbles  and  gravels  (GM)  with  some 
silty  sand  occurring  between  the  +4  material.  This  type  material  is 
also  present  on  the  alluvial  terraces.  The  more  gentle  slopes  on 
the  mountains  that  border  Briery  Branch  are  covered  with  colluvial 
soil.  The  steeper  slopes  are  covered  by  residual  soil,  talus  or 
rock  outcrops. 

Methods  and  Procedures 

1.  Methods  and  procedures  used  in  this  report  are  either  standard 
or  self-explanatory  to  the  trained  geologist.  However,  a very  brief 
resume'  of  these  is  given  here. 

2.  Standard  drilling  tests  were  employed  such  as  blow  count  for 
penetration  resistance,  permeability  tests  and  pressure  tests.  Core 
recovery  was  also  logged.  All  fracture  planes  and  joints  were 
recorded.  It  is  to  be  remembered  that  in  the  measuring  of  back- 
pressure, the  water  meter  is  measuring  water  flowing  in  a reverse 
direction  from  normal.  This  may  not  give  a completely  accurate 
measurement.  Also  this  flow  of  water  back  through  the  gage  could 
not  be  permitted  for  too  long  to  save  the  silting  of  the  gage. 

Pressure  tests  were  made  with  increasing  pressure  then  with  decreas- 
ing pressure.  This  shows  whether  the  fractures  are  opening  or  closing. 

3.  Coarse  grain  gradations  were  taken  in  the  coarser  material.  From 
some  of  these  coarse  grain  gradations,  samples  of  material  that  have 

a mean  diameter  smaller  than  3 inches  were  sent  to  the  laboratory. 

By  the  correlation  chart,  the  unsampled  minus  3-inch  material  can  be 
correlated  to  the  sampled  minus  3-inch  material. 

4.  The  borrow  materials  are  grouoed  into  areas  and  depths  that  are 
correlated  to  samples  by  use  of  both  the  Unified  soil  texture  classi- 
fication and  the  U.  S.  Department  of  Agriculture  soil  classification 
system.  Use  of  the  latter  of  these  systems  facilitates  the  outlining 
of  soil  areas  into  a soil  mao. 

5.  To  determine  rock  depths  in  the  borrow  areas  use  was  made  of  a 
two  geophone  seismograph.  This  instrument  was  used  in  the  finer 
grained  (SM  to  CL)  material.  To  determine  rock  depths  in  coarser 
grained  material  (GM)  a resistiviter  was  used.  This  is  due  to  the 
fact  that  wet  cobbles  and  boulders  that  are  tight  in  place  have  a 
density  that  approaches  that  of  shale  or  even  sandstone.  As  seismic 
velocity  ia  related  to  density  and  induration,  a seismic  velocity  in 
this  GM  material  will  approach  that  of  rock.  This  will  cause  con- 
fusion as  to  the  location  of  the  interface  between  GM  material  and 
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rock.  As  geophysical  data  is 
obtained  by  geophysical  means 
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Centerline  of  the  Dam 

The  centerline  of  the  dam  is  located  on  a steep  talus  slope, 
an  alluvial  flood  plain,  a high  bench  and  a low  bench.  Eleven  drill 
holes  (DH  1 through  DH  11)  and  four  test  pits  (TP  12  through  TP  15) 
were  used  to  identify  the  overburden  and  rock  present. 

The-  i • rV  present  under  the  centerline  of  the  dam  is  the  Hamp- 
shire sandstone.  This  formation  here  is  predominantly  red  massive 
fine  to  very  fine  grained  sandstone.  Interbedded  in  this  is  some 
siltstone,  a thin  layer  of  brown  manganese  sandstone  and  a layer  of 
red  shale  breccia.  The  breccia  has  angular  red  shale  pieces  in  a 
red  sandstone  matrix.  This  type  of  breccia  has  been  called  an  inter- 
f orroati onal  breccia.  It  is  of  small  evtent  and  does  not  mahk  any 
large  break  in  sedimentation.  Interf ormational  breccias  and  con- 
glomerates are  considered  to  be  related  to  turbidity  currents  which 
can  have  a tectonic  origin.  (Petti john  1957).  The  attitude  of  the 
rock  as  measured  with  a compass  is  approximately  N75°e,  8°E.  The 

attitude  of  the  manganese  sandstone  as  determined  from  drill  holes 
is  N66°E , Q°E.  The  strike  of  the  centerline  of -the  dam  is  N 34°E. 

The  gentle  dip  of  the  rock  has  caused  parallel  type  of  folding  to 
take  place.  In  this  type  of  folding  the  thickness  of  the  beds  remains 
the  same  (Billings  1942).  This  has  caused  fracture  planes  to  form 
parallel  to  the  bedding  as  the  beds  slip  over  each  other  in  folding. 
Slickensides  observed  in  DH  10  show  that  these  horizontal  fractures 
were  formed  under  folding  compression.  The  vertical  fracture  planes 
are  formed  mostly  in  the  gentle  plunge  of  the  syncline  to  the  north. 
However,  some  vertical  fracture  planes  were  possibly  caused  by  dis- 
arrangement of  the  beds  in  the  parallel  folding.  The  vertical 
fracture  planes  present  on  the  centerline  of  the  dam  are  more  open 
than  the  horizontal  planes.  From  observation  of  rock  outcrops  it 
has  been  estimated  that  vertical  joint  set  areas  occur  approximately 
every  45  feet  in  the  area  on  the  dam  centerline.  Out  of  the  eleven 
holes  drilled  here,  two  holes  (DH  5 and  DH  9)  happened  to  be  implaced 
in  these  vertical  joint  set  zones.  Here  passage  of  water  through  the 
rock  was  relatively  high  under  pressure  testing.  Attitudes  taken  on 
the  vertical  fracture  planes  range  from  N 670  e,  87°  W and  N 15°  W, 

84°  E to  N 73°  E,  90°  and  N 21°  W,  87°  e.  These  joint  set  attitudes 
were  taken  on  the  right  abutment  on  outcrops  that  occur  near  the  top 
of  the  dam.  The  vertical  fractures  do  not  continue  in  a straight 
line.  They  form  a hatchured  pattern. 


The  combination  of  vertical  and  horizontal  fracture  planes  and 
joint  sets  has  caused  the  sandstone  to  be  broken  up  into  cube  blocks. 
The  90  degree  angles  on  these  blocks  are  caused  by  the  high  com- 
petency of  the  sandstone.  The  fact  that  these  blocks  are  somewhat 
free  to  move  is  shown  by  the  high  back  pressure  that  was  effected 
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in  the  drill  holes  in  the  flood  plain.  This  hack  pressure  is  caused 
by  pressure  forcing  the  sandstone  Mocks  against  each  other.  The 
silt  present  appears  to  seal  off  any  passage  present.  Wh<^re  silt  is 
not  present  in  the  fracture  zones  in  the  right  abutment  ( DM  9)  the 
fractures  do  not  seal  when  the  pressure  is  lowered.  The  drill  holes 
on  the  centerline  of  the  dam  in  the  left  abutment  are  generally  un- 
fractured. Little  water  passed  through  unventhered  rock  here.  Cor- 
relation of  the  rock  strata  penetrated  in  the  drill  holes  on  the 
centerline  of  the  dam  shoved  no  faults  to  be  present  in  the  flood 
plain  or  on  the  abutments.  The  apparent  dip  as  measured  on  the 
centerline  of  the  dam  agreed  reasonably  with  the  apparent  dip  as 
calculated  from  the  strike  and  dip.  The  major  source  of  error  in- 
volved in  these  dips  is  that  the  strike  of  the  sandstone  as  measured 
with  a compass  is  probably  incorrect. 

A talus  slope  occurs  on  the  right  abutment  from  station  2*20  on 
the  centerline  of  dam  to  the  top  of  the  dam.  This  material  is  angular 
gravels  cobbles  and  boulders  (GM)  of  red  sandstone  that  has  slioped 
down  the  hill  from  large  outcrops  above  the  top  of  the  dam.  It  ranges 
in  thickness  from  0.5  feet  thick  at  station  1+18  on  the  centerline  of 
the  dam  to  22  feet  in  thickness  at  station  2+20  on  the  centerline  of 
the  dam.  Silty  red  brown  sand  (SM)  is  interspersed  between  the  +4 
material.  This  +4  material  is  estimated  to  cororise  80%  of  the  talus. 
The  talus  slope  is  overlain  by  0.5  feet  of  silty  organic  sand  (SM) 
that  contains  leaves,  needles,  and  roots.  A mainly  hardwood  cover  is 
present  on  this  talus. 

Between  the  talus  slope  and  the  flood  plain  there  occurs  a small 
bench  which  rises  18  feet  above  the  flood  plain.  Subanrular  cobbles, 
grovels  and  boulders  (CM)  of  red  and  gray  sandstone  and  green  lampro- 
phyre comprise  the  +4  fraction  present  here.  This  coarse  material 
makes  up  an  estimated  70%  of  the  bench.  The  remainder  is  red  silty 
sand  (SM)  interspersed  in  the  larger  particles.  The  depth  to  rock 
below  this  bench  is  31.5  feet.  A 0.5  foot  layer  of  brown  sandy  top- 
soil (SM)  overlays  this  small  bench. 

The  alluvial  flood  plain  extends  from  station  2+85  on  the  center- 
line  of  the  dam  to  station  7+15  on  the  centerline  of  the  dam.  The 
highest  layer  present  here  is  0.5  feet  of  brown  sandy  topsoil  (SM). 
Below  this  layer  is  a layer  of  subangular  to  subrounded  cobbles 
gravels  and  boulders  (GM).  Red  and  gray  sandstone  and  green  lampro- 
phyre make  up  this  layer.  This  *4  fraction  comprises  an  estimated 
60  to  75  percent  of  the  overburden.  The  -4  fraction  present  is  rod 
brown  silty  sand  (SM).  Water  levels  in  the  flood  plain  range  from 
2.2  to  4.4  feet  below  the  ground  surface.  Permeability  coefficients 
for  this  material  range  from  22.6  to  854  cubic  feet/square  foot /day. 
The  depth  to  sandstone  bedrock  here  ranges  from  4.0  feet  at  the  toe 
of  the  left  abutment  to  27.5  feet  at  the  toe  of  the  right  abutment. 

The  abutment  is  a thick  bench  deposit.  Tt  extends  from 

station  7+15  on  the  centerline  of  the  dam  to  the  top  of  the  dam. 
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The  dcporit  ranges  in  thickness  up  to  rn.3  feet.  It  is  conosed 
of  subanguLnr  red  and  gray  snndstonr , cobbles,  g ravels  and  boulders 
(CM)  with  red  brown  silty  sand  (SM)  filling  the  interstice. s . The  *4 
fraction  of  this  bench  ranges  from  60  to  70  percent.  Permeability 
coefficients  for  this  material  are  generally  high  to  moderate. 

They  range  up  to  1,080  cubic  fect/sauare  foot/doy.  This  bench  is 
the  product  of  alluvial  deposition  from  both  Briery  Brach  and  a 
small  tributary  of  Briery  Branch.  The  rock  below  this  denosit  is 
tight.  When  permeability  testa  are  conducted  the  water  flows  from 
the  top  of  the  rock  at  station  7*20  on  the  centerline  of  the  dam. 

Principal  Spillway 

The  proposed  principal  spillway  crosses  the  centerline  of  the 
dam  at  station  6«-00  on  the  centerline  of  the  dam  and  station  9*10 
on  the  centerline  of  the  pipe.  Four  drill  holes  ( DH  501  through 
DH  504)  and  5 test  pits  (TP  505  through  TP  507)  were  used  to  identify 
the  material  and  conditions  present  here. 

The  rock  under  the  centerline  of  the  Dipe  is  predominantly  red 
massive  fine-grained  sandstone.  Interbedded  in  this  red  sandstone 
are  layers  of  interf ormational  breccia,  siltstone  and  claystone, 
shale  and  brown  manganese  sandstone.  The  permeability  of  the  rock 
is  moderate  with  the  majority  of  the  fractures  closing.  Correlation 
pf  the  beds  in  the  drill  holes  shows  that  there  is  no  fault  present 

in  the  rock  on  the  centerline  of  the  pipe. 

Subangular  to  subrounded  cobbles,  gravels,  and  boulders  (CM) 
of  red  and  gray  sandstone  and  green  lamprophyre  form  the  majority 
of  the  alluvial  overburden  on  the  centerline  of  the  pipe.  inter- 
spersed in  this  coarse  material  is  brown  red  silty  sand  (SM).  The 
♦4  fraction  comprises  an  estimated  70  percent  of  overburden.  Per- 
meability in  this  layer  ia  generally  high.  It  ranges  from  a K factor 
of  905  to  40.4  cubic  feet/square  feet/day. 

Foundation 

The  majority  of  the  foundation  rests  on  the  alluvial  flood  plain 
through  which  Briery  Branch  flows.  In  addition  to  the  test  pits  dug 

on  the  centerline  of  the  dam  and  the  centerline  of  the  nipe  two  test 

pits  (TP  401  and  TP  501)  were  dug  in  flood  plain  under  the  foundation. 
Besides  the  flood  plain  the  foundation  rests  on  a high  bench  (left 
abutment),  a low  bench  and  a talus  slope  (right  abutment).  All  the 
foundation  is  on  coarse  grained  material  that  is  composed  of  at  least 
75  percent  cobbles,  gravels,  and  boulders  (CM).  A content  of  26  per- 
cent or  less  of  -4  fraction  will  allow  the  +4  fraction  particles  to 
touch  each  other  (Dunnigan,  1964).  The  fact  that  this  condition 
exists  in  the  foundation  gives  a high  bearing  strength  to  the 
foundation  (Earth  Manual,  1960).  Permeability  values  for  this 
material  are  generally  high.  On  the  left  abutment  the  permeability 
is  high  in  the  top  15  feet  of  the  bench.  Below  this  layer  the  per- 
meability tends  to  decrease.  In  the  9tream  valley  the  permeability 
of  the  alluvium  is  shown  by  small  streams  that  disappear  into  the 
alluvium  when  they  enter  the  valley  from  steep  mountain  slopes. 
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Emergency  Spillway 


The  emergency  spillway  is  located  on  the  lcTP^r.ide  of  the 
stream  valley.  The  centerline  of  the  dam  crosses  the  centerline 
of  the  emergency  spillway  at  station  10*17  on  the  centerline  of 
the  dam  and  10*15  on  the  centerline  of  the  emergency  spillway. 

A live  .stream  crosses  at  generally  right  angles  the  centerline  of 
the  emergency  spillway  at  station  8*87.  A 3.2  foot  culvert  has  been 
installed  below  Route  257  to  pass  this  strcim  under  the  road.  The 
valley  of  this  stream  will  separate  the  emergency  <.  >' 1 lwnv  cut  into 
two  parts. 


Shallow  Lehew  soil  occurs  on  the  left  side  of  the  emergency 
spillway  from  station  10*30  to  station  12*30  on  the  centerline  of 
the  emergency  spillway.  This  series  has  feet  of  topsoil  (SM) 
present.  Below  this  is  a layer  approximately  1.5  feet  thick  of  red 
brown  silty  sand  (SM).  This  is  underlain  by  red  fractured  fine- 
grained sandstone.  A talus  slope  (GM)  that  ranges  up  to  6.5  feet 
thick  occurs  downstream  from  station  12*30  on  the  centerline  of  the 
emergency  spillway.  This  material  is  underlain  by  red  massive  sand- 
stone. Waynesboro  series  occurs  upstream  from  station  10*30  on  the 
centerline  of  the  emergency  spillway.  It  also  covers  the  right  side 
of  the  emergency  spillway  downstream  from  this  station.  It  blends 
into  the  talus  slope  at  the  outlet  of  the  emergency  spillway.  The 
Waynesboro  alluvium  has  0.5  feet  of  topsoil  present.  Below  this  is. 
a layer  that  ranges  from  6.5  to  31.0  feet  of  cobbly  sand  and  gravel 
(SM  to  GM). 


Approximately  60,000  cubic  yards  of  rock  will  have  to  be  removed 
from  the  emergency  spillway  cut.  This  rock  is  predominantly  red, 
massive,  fine  grained  sandstone  with  some  siltstone,  claystone,  and 
shale  present.  It  ranges  from  fractured  rock  to  very  slightly 
fractured  massive  rock.  Near  the  top  of  rock  the  fracture  planes 
have  been  opened  and  enlarged  by  weathering. 


Borrow  Area 


Six  borrow  areas  were  investigated.  These  have  been 
<-g&£«ti.as  Borrow  Areas  A through  F.  To  classify  soil  material  in 
these  areas  70  test  pits  (TP  101  through  170)  and  10  auger  holes 
(A  177  and  A 179  through  A 189)  were  dug.  Also  the  road  cuts  on 
State  Route  257  were  logged  7 times  ( RB  170  through  176  and  RB  17R). 


Seven  soil  types  were  observed  in  the  borrow  areas.  A brief 
description  and  the  pedology  of  each  of  these  types  is  given  below. 


Recent  alluvium  --  Cobbles,  gravels  and  boulders  of  sandstone 
with  brown  red  silty  sand  that  has  been  deposited  very  recently  in 
the  modern  stream  valleys.  This  material  covers  the  valleys  of 
Briery  Branch  and  Mines  Run. 

Waynesboro  series  --  Old  alluvium  of  cobbles,  gravels  and 
>ouldera  with  brown  red  to  red  silty  sand  that  has  been  deposited 
on  high  benches  (50  to  100  feet)  above  the  modem  stream  valley. 
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This  bench  material  resembles  closely  the  modern  alluvium  present 
nere.  It  was  deposited  under  similar  sedimentary  conditions. 

Despite  its  age,  it  shows  little  effects  of  alteration. 

Sequatchie  series  --  Moderately  old  alluvium  that  has  a laver 
of  red  silty  sand  overlying  red  cobbly  silt.  It  is  intermediate  in 
elevation  between  recent  alluvium  and  the  Waynesboro  series.  It  is 
the  product  of  slower  sedimentation  than  either  of  these  first  two 
materials . 

Hayter  series  --  Young,  generally  thick  red  colluvi nl  -oil  that 
has  slipped  off  of  steep  slopes  rather  rapidly.  It  conthinn  up  to 
30  percent  angular  red  sandstone  cobbles.  It  is  sandy  to  clayey. 

It  collects  at  toe  of  slopes  on  alluvial  benches. 

Caylor  series  — Moderately  old  brown  and  red  colluvial  soil. 

Its  upper  brown  layer  shows  that  it  has  undergone  gray-brown  podzolic 
weathering  after  it  has  been  colluviolly  emplaced.  It  is  silty  in 
the  overlying  brown  layer  but  sancty  in  the  lower  red  layer. 

Allen  series  --  Old  red  deep  clayey  and  sandy  colluvial  soil. 

It  almost  always  forms  in  colluvial  fans.  Tt  has  been  subjected  to 
red  podzolic  weathering  that  has  developed  a clay  (CL)  material  from 
the  silt  (ML)  material  of  the  younger  colluvial  soils. 

Lehew  aeries  --  Shallow  red  sandy  residual  soil  that  is  the 
product  of  weathering  over  red  sandstone. 

Borrow  Area  A occurs  in  the  permanent  pool  area.  Recent  allu- 
vium is  the  only  soil  type  present  here.  This  soil  has  0.6  feet  of 
red  brown  sandy  top  soil  (SM)  present  above  a thick  layer  of  sub- 
angular  to  subrounded  cobbles,  gravels  and  boulders  (GM)  of  red  and 
gray  sandstone.  Silty  sand  (SM)  is  present  in  the  interstices 
between  this  coarse  material.  The  *U  fraction  ranges  from  an  esti- 
mated 65  to  85  percent.  TP  101  through  TP  107  were  used  to  investi- 
gate this  borrow  area. 

Borrow  Area  B is  located  2,500  feet  upstream  from  the  centerline 
of  the  dam.  It  covers  a moderately  high  bench  on  the  left  side  of 
Briery  Branch.  Waynesboro  series  is  the  predominating  soil  present 
here.  This  soil  has  0.5  feet  of  brown  sandy  toosoil  present.  Below 
this  layer  is  a layer  of  red  sand,  cobbles,  silt  and  gravels  (CM) 
that  ranges  from  6.0  to  greater  than  8.0  feet  in  thickness.  TP  108 
through  TP  113  were  used  to  investigate  this  area. 

Borrow  Area  C is  located  A, 800  feet  upstream  from  the  centerline 
of  dam  on  the  right  side  of  Briery  Branch.  A colluvial-alluvial 
bench  occurs  here.  Hayter,  Waynesboro,  Sequatchie,  and  Lehew  soils 
are  present  in  this  area.  The  Hayter  series  has  O.A  feet  of  silty 
brown  topsoil  (ML)  present.  Below  this  is  a layer  of  red  cobbly 
sandy  clay  (ML  or  CL).  At  the  toe  of  the  hill  where  the  Hayter  is 
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not  associated  with  the  Wayne shoro  scries  this  Inver  is  nt  least 

9.5  fret  thick.  Angular  platy  red  sandstone  cobbles  make  up  from 
16  to  30  percent  of  this  colluvium.  The  Sequatchie  series  has  0.4 
feet  of  brown  silty  topsoil  fvD  present.  Below  this  layer  is  3.0 
to  4.0  feet  of  red  fine  sandy  silt  (1TL).  This  layer  is  underlain  by 
at  lenst  4.0  feet  of  sandy  red  cobbles.  The  Waynesboro  series  under- 
lies the  Hay  ter  series  on  the  stream  side  of  the.  colluvial -alluvial 
bench  present  here.  This  material  i •;  cobhly  silt  sand  (SM).  It  is 
at  least  5.0  fret  in  thickness.  TP  114  through  TP  123  were  used  to 
identify  the  material  in  Borrow  Ao  n C. 

Borrow  Aren  b j.s  located  approximately  one  mile  upstream  on 
Briery  Branch  Iron  the  centerline  of  the  dam.  It  occurs  on  a bench 
that  extends  upstream  from  the  bench  in  Borrow  Area  C.  Hayter  and 
Waynesboro  soils  occur  on  this  bench.  The  Hayter  series  and  the 
Hayter  over  Waynesboro  soils  are  similar  to  these  respective  materials 
in  Borrow  Area  C.  The  Waynesboro  series  in  Borrow  Area  D is  similar 
to  the  Waynesboro  series  described  in  Borrow  Area  B.  TP  130  through 
TP  137  and  A 179  and  A 180  were  used  to  identify  the  soils  in  Borrow 
Area  0. 

Borrow  Area  E is  the  largest  of  the  borrow  areas  investigated. 

It  occurs  on  a slope  to  the  northeast  of  State  Route  257.  This  is 
on  the  left  abutment  of  Briery  Branch  stream  valley  extending  from 
300  feet  to  2,100  feet  upstream  from,  the  centerline  of  the  dam. 

Allen,  Caylor,  Lehew,  and  Waynesboro  soils  occur  here.  The  Allen 
series  soils  occur  in  an  alluvial  fan  that  snreads  off  of  the  moun- 
tain on  the  left  abutment  (Hone  Quarry  Mountain).  The  series  has 
0.5  feet  of  silty  topsoil  (Ml.l  present.  3elow  this  is  anoroximately 

2.5  feet  of  brown  sandy  silt  (ML).  This  is  underlain  by  n layer  of 
red  to  yellow  sandy  clay  to  clayey  sand  (CL  to  SC).  This  sandy  clayey 
layer  is  at  least  23  feet  thick..  The  Caylor  series  occurs  on  the 
uphill  side  of  the  alluvial  fan  off  Hone  Quarry  Mountain.  It  also 
overlays  the  Allen  series.  This  overlay  could  be  due  to  both  move- 
ment of  soil  downhill  by  gravity  and  to  grav-brown  podzolic  alteration 
of  the  red  podzolic  Allen  series.  This  series  has  0.5  feet  of  silty 
topsoil  (ML)  present.  Below  this  is  a layer  of  brown  sandy  silt  (ML) 
that  ranges  in  thickness  from  2.0  to  4.0  feet.  This  material  is  under- 
lain by  a layer  of  red  fine  sand  and  silt  (ML  to  SM)  that  ranges  in 
thickness  from  3.0  - 5.4  feet.  The  residual  Lehew  series  occurs  on 
the  ridges  above  the  alluvial  fan.  It  also  is  on  the  ridges  that 
encompass  this  fan  both  upstream  and  downstream.  The  Lehew  series 

has  a layer  of  red  silty  cobbly  sand  that  ranges  in  thickness  from 
2.0  to  4.5  feet.  This  layer  is  underlain  by  red  massive  sandstone. 

The  Waynesboro  series  occurs  on  the  stream,  edge  of  the  alluvial  fan. 

It  has  0.5  feet  of  topsoil  present.  Belov  this  is  at  least  30  feet 
of  sand,  cobbles  and  gravels.  To  investigate  this  borrow  area  30  test 
pits  (TP  139  through  169),  and  one  auger  hole  (A  177)  were  dug.  The 
road  banka  on  Route  257  were  logged  7 times  (RB  170  through  RB  176  and 
RB  178). 
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Borrow  Aren  F is  located  on  the  left  abutment  o f Vines  Run. 

This  borrow  area  is  3,700  feet  up  the  stream  valley  from  the  center- 
line of  the  dam.  Waynesboro,  Caylor,  and  Tx?hew  soils  occur  in  this 
area.  These  soils  are  generally  similar  to  the  respective  soil 
series  described  in  Borrow  Area  E.  The  major  part  of  the  fine  grained 
usable  borrow  material  is  in  Caylor  series  soil.  Waynesboro  soil 
occurs  upstream  from  the  alluvial  - colluvial  bench  on  which  this 
borrow  area  ia  located.  Lehew  sf  es  occurs  unhill  on  the  residual 
area  from  the  colluvial  material  To  investigate  this  borrow  area 
8 auger  holes  (.'■  181  throupb  and  184  through  Ifto)  were  dug.  A 

backhoe  or  doz«’  could  n<  mb  up  on  this  bench  due  to  sandstone 

ledges  that  f .icaiu  edge  of  the  alluvial  - colluvial  bench. 
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1#  A cutoff  ahould  be  inatalled  and  taken  to  rock.  Thia  will  entail 
removal  of  60  feet  of  cobbly  overburden  from  the  left  abutment. 

2.  The  cobbles,  gravel*,  and  bouldera  in  the  flood  plain  and  on  the 
abutment a are  conaidered  to  have  more  than  enough  ahearing  atrength 
to  bear  the  weight  of  the  dam. 

3.  The  pipe  will  reat  on  cobbles,  gravela,  and  bouldera.  Thia  material 
is  conaidered  aufficiently  strong  not  to  conaolidate  and  cause  break- 
ing of  the  pipe.  Where  the  pipe  crosses  the  cut-off  differential 
consolidation  between  the  foundation  and  the  cutoff  may  cause  settling 
of  the  cradle  over  the  cutoff. 

4.  Some  water  may  pasa  through  the  rock  under  the  dam.  Thia  is  expected 
to  be  generally  smaller  than  the  pressure  teats  indicate  due  to.  the 
irregular  joint  pattern  present  in  the  rock.  The  silt  in  the  90° 
fracture  pattern  in  the  i causes  most  of  the  joints  to  be 
closing.  Where  no  silt  ia  present  on  the  right  abutment  (EH  9)  the 
joints  are  opening. 

5.  Approximately  60,000  cubic  yards  of  rock  will  have  to  be  removed 
from  the  emergency  spillway  cut.  This  rock  occurs  downstream  from 
the  small  creek  that  crosses  the  emergency  spillway.  No  rock  is 
expected  to  occur  upstream  from  this  small  creek.  From  examination 
of  core  and  pressure  test  records  the  rippability  of  the  rock  was 
estimated.  The  rippable  zones  in  the  drill  holes  are:  DH  201,  none; 
DH  202,  2. 3-6*6;  DH  203,  none;  DH  204,  7.0-15.0  (rippable  to  marginal 
rippable);  DH  205,  5.0-12.9;  DH  206,  6.0-10.0;  DH  207,  7.0-11.6. 

6.  The  Class  C material  that  is  expected  to  be  placed  in  the  slopes 
occurs  in  the  permanent  pool  area  and  the  emergency  spillway  cut. 

The  material  that  will  be  removed  from  the  cutoff  is  also  Class  C 
material.  Additional  Class  C material  can  be  obtained  by  extending 
the  permanent  pool  area  or  by  using  Waynesboro  series  material  from 
Borrow  Area  B or  E.  First  choice  for  core  material  is  placed  on 
the  colluvial  Allen  ahd  Cay lor  series  in  Borrow  Area  E.  Second 
choice  is  the  colluvial  Hayter  series  in  Borrow  Area  C.  Colluvial 
soils .in  Borrow  Areas  D and  F were  investigated  only  as  reserve  core 
material.  Sufficient  Class  C and  Class  B-2  borrow  material  is  con- 
sidered available  to  build  the  dam. 

Topsoil  present  should  be  stockpiled  and  used  for  topdressing. 

8*  If  s rock  toe  is  to  be  Installed,  the  sandstone  present  in  the  emer- 
gency spillway  cut  could  be  used  for  this  purpose.  , 
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Phreatic  lines  as  they  night  exist  were  develooed  at  the 
emergency  spillway  orect  and  the  normal  pool.  The  method 
used  to  determine  these  was  suggested  by  Mr.  Rossier  based 
on  papers  by  C.  Newlin  and  A.  Casa grande.  This  method 
depends  largely  on  the  relative  permeabilities  between 
adjacent  fill  sections.  Since  these  perm  rates  are  highly 
questionable,  the  phreatic  surfaces  developed  nay  not  be 
realistic,  but  the  assumption  that  noet  of  the  head  is  lost 
in  seotion  I is  probably  true#. 

For  determining  the  stability  of  the  upstream  elope,  tho 
phreatic  line  developed  by  the  above  method  is  used,  but  for 
the  downstream  section  a much  more  conservative  estimation 
of  the  phreatic  line  is  used.  Here  it  is  assumed  that  tho 
head  decreases  uniformly  from  the  crest  at  the  upstream  slooe 
to  the  noar  point  of  the  rook  toe. 

The  stability  of  the  sIodos  is  based  on  a dissortation  by 
S.C.  Rossier,  " STABILITY  OF  EARTH  EMSANYSEKTS  SUBJECTED  TO* 
VARYING  IMPOUND}? KENT  LEVELS  ",  The  upstream  slope  is  oon- 
sidered  subjected  to  drawdown  from  the  ens.  crest 

to  the  normal  pool.  The  pore  pressure  is  still  developed 
from  the  high  stage  and  the  fill  is  saturated  to  the  high 
stage,  but  the  resisting  force  of  the  water  behind  the 
structure  is  not  present. 

The  downstream  condition  that  Rossier  suggests  analising 
is  when  a sudden  100-yec.r  storm  comes  and  raises  tho  pore 
water  pressure  without  aotually  raisin-  the  line  of  satur- 
ation. The  pore  water  pressure  in  the  downstream  shell 
would  probably  not  rise  to  any  great  extent,  but  the  oons- 
ervative  line  mentioned  above  was  used. 

Rossier  recommends  that  shear  parameters  be  consistent  in 
any  one  structure.  That  is,  either  use  all  effective  or  all 
total  parameters.  In  this  case,  total  parameters  were  used 
on  section  I and  no  change  was  found  in  converting  section  2 
parameters  to  total  from  effective. 

Thore  is  no  information  on  the  foundation  shear  parameters 
but  the  sheering  resistance  will  be  high.  Therefore  no  anal- 
ysis is  made  on  the  foundation.  Also,  a sliding  wedge 
failure  is  not  expected  for  the  same  reason. 
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Sample*  211.1,  213.1,  102.1.  106.1,  117.1,  and  115.1  fall 

In  group  II  and  have  low  to  lnternedlate  resistance  to 
piping  and  lnternedlate  susceptibility  to  cracking. 

Samples  143.1,  148.1,  153.1,  and  161.1  are  in  group  III 
and  are  most  likely  to  fall  by  either  piping  or  cracking. 
Material  represented  by  these  samples  should  not  be  placed 
In  the  cutoff  or  in  the  upper  portion  of  the  core  directly 
over  the  beginning  of  the  abutments. 

All  materials  should  be  placed  at  or  above  optimum 
moisture  to  aid  in  the  effort  to  restrict  cracking. 

Core  and  cutoff  material  should  be  placed  at  1001 

standard  proctor  and  the  shell  material  should  be  at 
a minimum  mass  density  of  125  #/ft*. 
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